While microsatellite genotyping has found wide application in many fields, a number of causes that could lead to error in microsatellite genotyping have been previously reported. Here we report another cause of error that we term 'Electrophoresis Artefacts' (EA), which arise when high concentrations of polymerase chain reaction (PCR) products are electrophoresed in ABI 377 automated sequencers. We describe the phenomenon of EAs, characterize PCR and gel running conditions that cause them and suggest a simple method of overcoming this problem.
Microsatellite genotyping is prone to error through allele nonamplification from primer binding site mutation ('null alleles'), sampling stochasticity ('allelic dropout') and amplification artefacts ('false alleles'), resulting in false homozygotes and false heterozygotes (Schlotterer & Tautz 1992; Callen et al . 1993; Gagneux et al . 1997) . We report another cause of microsatellite genotyping error that we term 'Electrophoresis Artefacts' (EA), which occur when high concentrations of polymerase chain reaction (PCR) products are electrophoresed in ABI 377 sequencers. As EAs are caused by high PCR product concentration, their occurrence is related to primer sensitivity and optimization of amplification conditions. EAs can cause two classes of genotyping error: (i) false identification of true homozygotes as heterozygotes (Fig. 1a) ; and (ii) incorrect allele assignment in true heterozygotes (Fig. 1b) .
Class 1 errors are more common. In PCR amplification of DNA extracted from elephant blood, using 1 µ L undiluted DNA extract and 25 cycles of PCR (see below for PCR conditions), we detected the occurrence of genotyping error from EAs in four of five loci analysed (Table 1) . We have also detected EAs in a study of gibbons, using human microsatellite loci (unpublished data), suggesting EAs are not taxon dependant.
Here we characterize PCR and gel electrophoresis conditions that produce EAs and introduce a simple method of overcoming them. We illustrate the problem using one tetranucleotide and two trinucleotide microsatellite loci in elephants, which were chosen in preference to dinucleotide loci, to eliminate confounding effects of false alleles (Taberlet et al . 1999) .
DNA extraction from elephant blood followed a phenol/ chloroform/isoamyl-alcohol and Qiagen column protocol (Fernando et al . 2000) . DNA concentrations were estimated using a fluorometer (Hoefer Scientific Instruments TKO-100). Forward primers were labelled with fluorescent dye markers (Biosynthesis). Reactions were amplified in a Perkin-Elmer 9700 thermocycler at the appropriate temperature profile for each primer pair (Table 1) , using 1 µ L DNA extract, 2 µ L 100 mg/mL BSA, 2.5 µ L 10 × PCR buffer (100 m m Tris-HCl pH 8.4, 500 m m KCl, 15 m m MgCl 2 ), 2.5 µ L 8 m m dNTPs, 0.5 µ L 10 µ m primers, 0.1 µ L Taq DNA polymerase (Perkin-Elmer), and 15.9 µ L water. Reactions were amplified for 25 cycles of 1 min each at: the appropriate annealing temperature; 72 ° C extension; and 92 ° C denaturation. Cycles were preceded by a 93 ° C 3 min incubation step and followed by a 72 ° C 15 min extension step. Amplified products were electrophoresed on 5.3% 0.2 mm urea-acrylamide gels in an ABI 377 machine. Gels were polymerized for a minimum of 1.5 h. One µ L amplification product and 1.0 µ L formamide loading buffer were mixed with 0.4 µ L TAMRA 500 internal size standard (Perkin Elmer), heated at 98 ° C for 2 min and flash cooled on ice. Gels were pre-run for 1 h at 1 KV prior to loading 1 µ L of the sample mix into each lane. Samples were electrophoresed at 3 KV for 2.5 h. Allele sizes were analysed using genescan Version 3.02 (ABI). The criteria employed in scoring alleles were the default settings in genescan , which included a Peak amplitude threshold of 50 and a Minimum peak half width of 3. A peak more than one third the height of the highest peak in the electropherogram was considered to represent an additional allele.
We conducted the following experiments to demonstrate the occurrence of EAs:
1 Amplification of a set of three samples over a range of template DNA concentrations (0.5, 1, 5, 10, 50, 100, 500 and 1000 ng/100 µ L PCR reaction) and PCR cycles (20, 25 and 30) for each locus. A different set of samples were analysed for each of the three loci, for a total of 216 PCR reactions; and 2 Re-running 1 in 5, 1 in 10 and 1 in 20 dilutions of PCR products that previously produced EAs.
DNA template concentration and PCR cycle number. The 'optimal window' (detectable PCR product, no EAs) was related to template DNA concentration and PCR cycle number in that increasing cycles shifted the 'optimal window' towards decreasing DNA template concentrations (Fig. 2) . For a given number of PCR cycles, template DNA concentrations corresponding to the 'optimal window' varied between loci and to a lesser degree between samples. Eliminating EAs by manipulating DNA template concentration or PCR cycle number requires locus-specific and possibly samplespecific optimization, hence it is an inefficient option in large-scale studies. Pre-PCR optimization of DNA template concentrations is also not possible where template DNA quality varies between samples and in the presence of nontarget DNA, as with suboptimal DNA sources such as dung.
Re-running dilutions of PCR product. One in 10 or greater dilution of PCR products that produced EAs when undiluted, eliminated or decreased EAs to levels that enabled accurate genotyping. Although PCR product dilution could be used to overcome EAs, it requires re-running gels and hence is an inefficient option in large-scale studies. By empirical testing, we found pre-running gels at 3 KV for 1 h eliminated EAs or reduced them to levels that enabled accurate genotyping. All genotype calls from gels prerun at 3 KV matched those within the 'optimal window' and product dilution for the same individual. The physical properties of the gel and the concentration of labelled product electrophoresed likely determine the fraction of product in EA bands. Pre-running gels at 3 KV instead of 1 KV possibly causes physical changes in the gel that eliminate or reduce EAs.
Based on our observations, in the presence of high PCR yields we recommend pre-running gels at 3 KV for one 
